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and the regulation of Aurora A, the Aurora B paralog.
Aurora A is regulated by a protein called TPX2, which
is held in an inactive state bound to importins  and 
(Tsai et al., 2003; Eyers et al., 2003). The small GTPase
Ran is activated by the guanine nucleotide exchange
factor RCC1 to release TPX2 from importins  and ,
thus activating Aurora A (Figure 1). One highly specula-
tive model is that the basic principle of Aurora regulation
by small GTPases is maintained between paralogs. Per-
haps TD-60, an RCC1 family member, activates Rac1
(or some other small GTPase) to activate Aurora B kinase
and regulate amphitelic attachments and cytokinesis
(Figure 1). Although completely speculative, this model
provides an interesting framework to think about the
exciting nexus of GTPases, passenger proteins, chro-
mosome congression, and cytokinesis.
Daniel J. Burke and P. Todd Stukenberg
Figure 1. Small GTPases May Be General Regulators of AuroraDepartment of Biochemistry and Molecular Genetics
KinasesUniversity of Virginia Medical School
Aurora A kinase can be activated by TPX2; however, in the cell,Charlottesville, Virginia 22908
TPX2 is generally sequestered by importins /. After activation by
RCC1, Ran relieves this inhibition by binding importins / and thus
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(Tissenbaum and Guarente, 2001). The observation thatSir2 Flexes Its Muscle
caloric restriction-induced life span extension requires
Sir2 provided the first hint of a link between metabolic
processes and the function of Sir2 (Lin et al., 2000). A
A new report reveals a role for the mammalian NAD- major breakthrough in this area was the discovery that
dependent deacetylase Sir2 in repressing the muscle Sir2p is an NAD-dependent protein deacetylase and that
cell differentiation program and implicates the cellular deacetylation of specific residues on histone N-terminal
redox state as a critical determinant of transcriptional tails is required for its silencing activity (Imai et al., 2000).
activity of differentiation-specific genes. In addition, identification of nonhistone deacetylation
targets of Sir2p and its mammalian homologs subse-
Sir2 initially gained prominence as a transcriptional re- quently led to the discovery of other roles for these
pressor in budding yeast. It was shown to be a compo- enzymes. p53 and BCL6 are coordinately regulated by
nent of two distinct multiprotein complexes responsible reversible acetylation to precisely control cellular dam-
for transcriptional silencing at distinct chromosomal loci age response (p53) (reviewed by Smith [2002]) and dif-
in the yeast genome. Subtelomeric and silent mating- ferentiation programs of B cells (BCL6) (Bereshchenko
type loci are regulated by Sir2, Sir3, and Sir4, while the et al., 2002).
rDNA locus is regulated by Sir2 and Net1. In several In the July issue of Molecular Cell, a report by Fulco
eukaryotes, including yeast and nematodes, Sir2 was et al. provides compelling evidence that mammalian Sir2
also shown to play a key role in life span regulation, a is involved in skeletal muscle differentiation, a process
that is affected by the redox state of progenitor cellsrole that is presumably linked to its silencing activity
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(Fulco et al., 2003). In an elegant set of experiments, not clear. Further, since NADH does not directly affect
Sir2 activity (Imai et al., 2000), the NAD/NADH ratio maythe authors show that the NAD-dependent deacetylase
activity of Sir2 inhibits muscle differentiation. Small mol- be important only as a determinant of the NAD concen-
tration. While much attention has been paid to the NAD/ecule inhibitors of Sir2 deacetylase activity increase
transcription of muscle-specific reporter constructs, NADH ratio in cells and tissues under a variety of condi-
while overexpression of Sir2 leads to a block in differen- tions, this ratio, which is indicative of the overall meta-
tiation. Likewise, expression of a catalytically inactive bolic state of the cell, may be less relevant to the function
Sir2 protein (H355Y) fails to block differentiation. Fur- of NAD-dependent enzymes, such as Sir2. Only a minor
thermore, a whole genome microarray analysis of cells portion of the total cellular NAD(H) pool is in the reduced
expressing high levels of Sir2 showed a specific repres- (NADH) form—most reports place the NAD/NADH ratio
sion of muscle cell differentiation genes. This is a direct between 100 and 1000—and, therefore, even a large
effect, as chromatin immunoprecipitation experiments change in the ratio results in only a small change in the
showed that Sir2 is present at promoters of skeletal amount of NAD. However, as suggested by the authors,
muscle differentiation genes and induces hypoacetyla- it is possible that an alteration in the cell metabolic state
tion of histone H3 residues K9 and K14. Taken together, that results in a change in the NAD/NADH ratio may be
these results convincingly demonstrate a role of Sir2 as accompanied by changes in other regulators of Sir2
a negative regulator of the muscle cell-specific differen- activity, such as nicotinamide (Anderson et al., 2003).
tiation program. The authors go on to show that Sir2 To complicate matters even more, NAD and NADH exist
exists in a complex with histone acetyltransferase PCAF in a tightly linked equilibrium with the NADP/NADPH
and MyoD. This result indicates that transcriptional ac- redox system. It is also possible that other nuclear co-
tivity may be regulated by a delicate balance of acetyl factors, such as CtBP, whose repressor activity is highly
transferase and deacetylase activities, leading the au- sensitive to NADH (Zhang et al., 2002), may fulfill the
thors to ask how the balance between the two opposing role of NAD/NADH redox sensors. Interestingly, in flies,
activities is regulated. Since the enzymatic activity of Sir2 and CtBP have been found to reside in the same
Sir2 depends on NAD, the authors tested whether differ- repressor complex (Rosenberg and Parkhurst, 2002).
ent metabolic states corresponded to altered deacety- Obviously, a lot more is to be learned about molecules
lase activity and, hence, altered muscle cell differentiation that link cell metabolic state to nuclear functions: the
gene expression patterns. This hypothesis is supported study by Fulco et al. brings some new muscle to the
by the observation that the NAD/NADH ratio decreases field.
in cells undergoing differentiation, as judged by the mea-
surement of the pyruvate/lactate ratio. The metabolic
Antonio Bedalov and Julian A. Simonstate of cells in differentiation medium was perturbed
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Seattle, Washington 98107repressing muscle cell differentiation genes, but catalyt-
ically inactive Sir2 is not. Conversely, under conditions
where the NAD/NADH ratio is low, Sir2 is less effective.
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